A cultured strain of Isochrysis galbana UTEX LB 2307 was grown at 20°C and 15°C under salinity of 35‰, 32‰, 27‰, 20‰, and 15‰, and analyzed for long chain (C 37 -C 39 ) alkenones and (C 37 -C 38 ) alkyl alkenoates. It was characterized by abundant C 37 alkenones and C 38 ethyl alkenoates (fatty acid ethyl ester: FAEEs) and a lack of C 38 methyl alkenones. There were no tetra-unsaturated (C 37:4 ) alkenones, which are frequently found in natural samples from low salinity waters. The alkenone unsaturation index (U K′ 37 ) did not vary in response to change in salinity at 15°C. The alkenone unsaturation index (U K′ 37 ) clearly changed in response to change in salinity at 20°C, but not at 15°C, where algal growth was and was not limited by temperature at 15°C and 20°C, respectively. The U K′ 37 -temperature calibration for I. galbana UTEX LB 2307 is quite different from those of E. huxleyi and another strain of I. galbana (CCMP1323), while is resemble to that reported for C. lamellosa isolated from a Chinese lake. Also, variation in the alkenone chain length ratio values (K 37 /K 38 ) did not correlate with salinity. These results implied that a high abundance of tetra-unsaturated alkenone and high K 37 /K 38 values might be attributed to a taxonomic factor rather than a physiological response to salinity change. Interestingly, our culture experiments showed that the ethyl alkenoates/alkenones ratio (EE/K 37 ) correlates with salinity. Hence, it is suggested that the EE/K 37 ratios are affected by the cellular and physiological factors against salinity condition in single haptophyte cells.
alkenones are derived from Haptophycean algae, including the Noelaerhabdaceae and Isocrysidaceae families. In particular, cosmopolitan haptophycean algae such as Emiliania huxleyi and Gephyrocapsa oceanica in the open ocean are thought to be main sources of alkenones and related compounds. Also, coastal species such as Isochrysis galbana and Chrysotila lamellosa are known to synthesize alkenones, but the distribution and abundance of I. galbana in the marine environment are virtually unknown (Versteegh et al., 2001) . A strain of C. lamellosa was isolated from a continental lake (Lake Xiarinur, China) and then its cultured strain was confirmed to produce alkenones and alkenoates (Sun et al., 2007) . Using 18S ribosomal RNA (rRNA) analysis, Coolen et al. (2004) reported firstly that the alkenones in sediments from Ace Lake in Antarctica originated mainly from organisms related to I. galbana. A recent 18S rRNA investigation of 15 alkenone-containing sediments from lakes in Eurasia and North American continents (Theroux et al., 2010) demonstrated that multiple haptophyte species of order Isochrysidales are possibly present as alkenone producers in continental lakes worldwide. More recently, Toney et al. (2012) reported that the enrichments of two haptophyte phylotypes (Hap-A and Hap-B) from George Lake, United States, could be individually cultured, and major alkenone producer in the lake system was likely to be the Hap-A phylotype, which was related to I. galbana, rather than the Hap-B, which was related to C. lamellosa and Pseudoisochrysis paradoxa. These results suggest that the Chrysotila, Isochrysis and other Isochrysidales can be the main producers of alkenones and related compounds in continental lake systems. U K′ 37 -temperature calibrations have been studied by culturing alkenone-synthesizing algae (Marlowe et al., 1984; Prahl and Wakeham, 1987; Conte et al., 1994 Conte et al., , 1995 Conte et al., , 1998 Volkman et al., 1995; Sawada et al., 1996; Versteegh et al., 2001; Rontani et al., 2004; Sun et al., 2007) as well as analysis of water column particulates (Conte and Eglinton, 1993; Sikes and Volkman, 1993; Hamanaka et al., 2000; Bentaleb et al., 2002) and core top sediments (Sikes et al., 1991; Rosell-Melé et al., 1995; Pelejero and Grimalt, 1997; Sonzogni et al., 1997; Müller et al., 1998) . It is known that there are large variations in U K′ 37 -temperature calibrations from both culture and field samples. These variations have been attributed to ecological bias in depth and seasonality of alkenone production, and diagenetic alteration during and after deposition (Grimalt et al., 2000 and references therein). Also, many researchers have pointed out that U K′ 37 -temperature relationships vary as a result of physiological factors such as growth phase and genetic factors such as species and genotype (e.g., Conte et al., 1998; Yamamoto et al., 2000) .
Recent studies of marine environments have indicated that the relative abundance of the C 37:4 alkenone (C 37:4 / K 37 or C 37:4 %) as a proportion of total C 37 (di-, tri-and tetra-unsaturated components) is inversely correlated with salinity, especially at salinity <ca. 30 PSU (Schulz et al., 2000; Harada et al., 2003; Blanz et al., 2005) . Furthermore, C 37:4 % values have been found to be applicable to reconstruction of relative changes in salinity for Holocene sediments from a continental lake (Lake Qinghai; Liu et al., 2006) . However, the cause(s) of the variability of %C 37:4 values in ocean and continental lake systems is (are) not clear. Most researchers suggest that the C 37:4 % values could increase by way of a contribution of haptophycean species or genetic strains that contained C 37:4 alkenone, and that salinity might be an indirect factor affecting the relative abundance of the C 37:4 alkenone (e.g., Blanz et al., 2005; Chu et al., 2005) . In addition, Toney et al. (2012) reported that the C 37:4 alkenonepredominantly producing algae, the haptophyte Hap-A phylotype, could be specified in the enrichment from Lake George. Besides the influence of genetic source, the relative abundance of the C 37:4 alkenone can vary as a result of change in biochemical response of one single population of alkenone producers against change in salinity and/ or specific hydrological conditions (Schulz et al., 2000) . In addition, C 37:4 % variation is associated with low temperature (Sikes et al., 1991; Sikes and Volkman, 1993; Rosell-Melé et al., 2002) and is also speculated to be affected by limited nutrients (Harada et al., 2003) . The ratio of C 37 to C 38 alkenones (K 37 /K 38 or C 37 /C 38 ) also vary in a marginal sea and a continental lake (Schulz et al., 2000; Chu et al., 2005) . Shultz et al. (2000) reported that K 37 /K 38 (C 37 /C 38 ) values varied depending on the salinity of surface water in the Baltic Sea, decreasing exponentially below 9 PSU and constant from 9 to 30 PSU. They inferred that such differences might be attributable to variations in species and/or strain of alkenone producers. Ono et al. (2009) showed the variation in alkenone and alkenoate distributions in a culture of the haptophycean algae Emiliania huxleyi and Gephyrocapsa oceanica under various salinity conditions, and found no C 37:4 alkenone and that K 37 /K 38 values increased with decreasing salinity (Ono et al., 2009) .
In this study, we have examined variation in the unsaturation ratios and distributions of alkenones and alkenoates for a culture of Isochrysis galbana UTEX LB 2307, a different strain from that examined by Versteegh et al. (2001) , as well as the reliability of these parameters as paleotemperature and paleosalinity proxy.
MATERIALS AND METHODS

Culture conditions
Isochrysis aff. galbana UTEX LB 2307 was obtained from the Algal Collection of the University of Texas at Austin (Texas, USA; Starr and Zeikus, 1987) , and had been isolated from an aquaculture pond in Society Islands, Tahiti (Wikfors and Patterson, 1994) . It was cultured continuously in batch systems at 21°C and 34‰ salinity under cool white fluorescent light and continuous bubbling of sterilized air. It was transferred to 500 ml Mericron flasks (Iwaki Co. Ltd., Tokyo, Japan) containing 300 ml artificial seawater (Marine Art SF-1 (MA); produced by Tomita Pharmaceutical Co. Ltd. (Naruto, Tokushima, Japan) and obtained from Osaka Yakken Co. Ltd. (Osaka, Japan; formerly Senju Pharmaceutical Co. Ltd.)) enriched with modified ESM in which soil extract was replaced with 10 nM sodium selenite (Danbara and Shiraiwa, 1999) at 20°C under 32‰, 27‰, 20‰ and 15‰ salinity, as well as at 15°C under 35‰, 32‰, 27‰, 20‰ and 15‰ salinity. They were harvested at day 2 (48 h), day 4 (96 h) and day 8 (192 h). The salinity was controlled by dilution of the artificial seawater. The micronutrient concentration was maintained constant in all cultures without dilution. Aliquots (20-50 ml cell suspension) were harvested and the optical density at 750 nm (OD 750 ; Danbara and Shiraiwa, 1999) and cell number determined using UV-VIS spectrophotometry (Shimadzu, UV mini-1240) and under a microscope, respectively.
Analysis
Extraction and separation of lipids were performed according to Sawada et al. (1996) and Sawada and Shiraiwa (2004) . After extraction, the lipids were separated using a silica gel column and fractions 1 and 2 (hexane and hexane/ethyl acetate (9/1, v/v) respectively) were analyzed using gas chromatography with flame ionization detection (GC-FID) and gas chromatography-mass spectrometry (GC-MS). GC-MS conditions were: a Hewlett Packard 6890 GC instrument; 30 m × 0.25 mm i.d. DB-5HT fused silica column (J&W scientific) directly coupled to an Agilent MSD quadrupole mass spectrometer (electron ionization, 70 eV; emission current, 350 µA; m/ z 50-650 in 1.3 s). The alkenones and alkenoates occurred in fraction 2 (Fig. 1) . The GC-MS temperature program was: 80°C (6 min) to 150°C at 10°C/min, then to 320°C (held 20 min) at 3°C/min. The alkenones and alkenoates were quantified with GC-FID, the capillary column used being 50 m × 0.32 mm i.d. CPSil5CB fused silica column (Chrompack) and temperature program was: 80°C (3 min) to 180°C at 10°C/min, then to 310°C (held 15 min) at 5°C/min. U In addition, alkenone chain length ratio (ratio of total C 37 alkenones to total C 38 alkenones; K 37 /K 38 ) and ratio of alkyl alkenoates to alkenones (ratio of fatty acid ethyl esters (FAEEs) to total C 37 alkenones; EE/K 37 ) were calculated using the following equations: (Prahl et al., 1988) .
RESULTS AND DISCUSSION
Cell growth, alkenone abundance, and alkenone concentration per cell
The growth curves of I. galbana UTEX LB 2307 by way of cell number and OD 750 are shown in Fig. 2 . The strain grew linearly during the first 96 h (4 days) and retarding afterwards at 20°C under 27‰, 20‰ and 15‰ salinity. The strain continued to grow over 48-192 h (2-8 days) at 20°C under 32‰ salinity. At 15°C, the strain grew exponentially over 48-192 h under 32‰, 27‰ and 20‰ salinity, and grew linearly under 15‰. Cell numbers under 35‰ were the lowest and increased linearly over 48-192 h. Growth was better under 15‰ and 20‰ salinity at 20°C, and 20‰ and 27‰ salinity at 15°C, respectively. According to the growth curves based on cell numbers, growth phases of cells harvested over 48-192 h at 20°C under 32‰, 20‰ and 15‰ salinity and under 27‰ salinity were linear growth and early stationary phases, respectively, and those at 15°C under all salinity conditions were exponential growth phases. I. galbana has been identified in coastal waters (e.g., Wikfors and Patterson, 1994) , and it was inferred that this species was present in continental lake system by environmental 18S UTEX LB 2307 grown at 20°C under salinity 32‰, 27‰, 20‰ and 15‰ (a), and at 15°C under salinity 35‰, 32‰, 27‰, 20‰ and 15‰ (b) .
rRNA investigation (Coolen et al., 2004; Theroux et al., 2010) , although its ecology is unclear. Thus, our growth results are reasonable for I. galbana with respect to salinity.
The change in alkenone abundance, calculated using the sum of total C 37 -C 39 alkenones, agreed with cell number and OD 750 at both 15°C and 20°C (Fig. 2) . However, the alkenone abundance in sample harvested at 96 h at 15°C under 32‰ salinity was higher than those in the samples grown under 20‰ and 27‰ salinity, these trends disagreeing, however, with the cell number and OD 750 results. The intracellular concentrations of C 37 -C 39 alkenones of strains grown at 20°C (0.22-1.07 pg/cell) were higher than those at 15°C (0.07-0.51 pg/cell) (Table 1). These concentrations are quite similar to those for I. galbana CCMP1323 (0.09-0.72 pg/cell; Versteegh et al., 2001) . The intercellular concentrations of alkenones at lower salinity tended to be lower (Table 1) , presumably as a result of high growth rate. In addition, it has been known that the intercellular concentrations of alkenones and alkenoates varied in different growth phases (Conte et al., 1995; Epstein et al., 1998) UTEX LB 2307 (grown at 20°C and 15°C in seawater with salinity 35‰, 32‰, 27‰, 20‰ and 15‰) these alkenone concentrations might be also affected by different growth phase due to different salinity condition.
Tetra-unsaturated alkenones
As shown in Fig. 1a , there was no signal in the m/z 526.5 chromatogram (M + of C 37:4 alkenone), for all the samples. We also confirmed no signal in the m/z 526.5 ion by single ion monitoring measurement. This clearly indicates that this strain did not produce this alkenone, as for G. oceanica GO1 and E. huxleyi EH2 (Ono et al., 2009) . Previous studies (Conte et al., 1995; Rosell-Melé, 1998) reported the abundance of C 37:4 alkenone to be remarkably high in E. huxleyi strains collected from coastal and neritic environments. However, our experiments show an example whereby no C 37:4 alkenone is produced by a coastal strain of I. galbana even under low salinity conditions. High abundances of C 37:4 alkenone have been found in very low sea surface temperature (SST; e.g., 5°C) environments (Sikes et al., 1991; Sikes and Volkman, 1993; Rosell-Melé et al., 2002 ), but we could not incubate our I. galbana strain <10°C because of lack of growth. In addition, the strain would not grow under lower salinity <15‰. Indeed, there are no reports of the occurrence of the C 37:4 alkenone in I. galbana, whereas it has been found (Table 2) in E. huxleyi (Prahl et al., 1988; Conte et al., 1998) , G. oceanica (Conte et al., 1998) and C. lamellosa (Rontani et al., 2004; Sun et al., 2007) . In particular, C. lamellosa can synthesize not only it but also C 40 alkenones ( Table 2 ), so that the alkenone distribution in the algal species may be quite different from that in I. galbana. However, in more recent investigation (Toney et al., 2012) , the enrichment of C 37:4 alkenone-predominant lacustrine haptophyte, Hap-A phylotype, could be obtained from a continental lake, and moreover, this phylotype might be related to I. galbana. These facts imply that the C 37:4 alkenone-predominant I. galbana is possibly present in natural environment, despite of no C 37:4 alkenone from isolated strains of I. galbana in culture experiment so far. Hence, we presumed that the C 37:4 alkenone could not be produced in peculiar environmental condition such as low temperature and salinity, and high concentration of C 37:4 alkenone in sediment was attributed to existence of C 37:4 alkenone-predominant haptophyte including such genotype of I. galbana.
Relationship between temperature and alkenone unsaturation index (U K′
)
The U K′ 37 values increased during the first 96 h from 21°C under 34‰ salinity to 20°C under 32‰ and 27‰ salinity (Table 1, Fig. 2) . However, the values rapidly increased during the first 48 h, and decreased after 48 h at 20°C under 15‰ salinity. Under 20‰ salinity, the values hardly changed over 0-192 h. The U K′ 37 values of samples harvesting at 192 h seem to vary among the different salinity conditions, although the values were similar in samples grown under lower salinity conditions (15‰ and 20‰; Table 1 ). On the other hand, the U K′ 37 values expectedly decreased under all salinity conditions over 0-192 h from 21°C to 15°C under all salinity conditions. Importantly, it was confirmed that the values were quite similar (0.08-0.11) under all salinity conditions at 15°C (Table 1, Fig. 2 ). These results clearly indicate that the U K′ 37 values changed depending on salinity change from 34‰ to 15‰ at 20°C, but did not at 15°C (Fig. 2) Fig. 4 . Occurrences of C 37:4 and C 40 alkenones are also shown.
Fig. 3. Relationships between U K′
37 and growth temperature in I. galbana grown at several salinity conditions. Lines are linear fits for these datasets. Those reported previously (E. huxleyi, Prahl et al., 1988; I. galbana, Versteegh et al., 2001) are also shown.
trends in the experiments at (from 21°C to) 15°C under all salinity conditions indicate that the changes of U K′ 37 values were resulting from acclimatization of the cells to temperature changes during exponential growth phase. However, in the experiments at (from 21°C to) 20°C, the changes of U K′ 37 values were not likely to be attributed to temperature changes because of slight differences (1°C) of temperature conditions during the experiments. We cannot clearly explain to specific factor(s) for such variations of U K′ 37 values against salinity conditions only at 20°C, and these reflect alkenone response observed only in culture experiment, not in natural environment. From these results, it is presumed that the response of U K′ 37 to salinity was greatly affected by temperature. The growth of I. galbana was suppressed at 15°C where the limitation factor for growth may be temperature, not salinity. Such effect on cell growth may be an important factor for changing U K′ 37 . It is possible that the U K′ 37 values in I. galbana cells grown at different salinity vary as a result of the acclimatization of cells to respective salinity conditions.
Our study has established that the U K′ 37 -temperature calibration in response to change in salinity for I. galbana UTEX LB 2307 (Fig. 3) . As mentioned above, U K′ 37 results show that the response of alkenone unsaturation metabolism to temperature was barely affected by salinity at low temperature such as 15°C. Thus, the linear regression in I. galbana samples grown at 15°C and 21°C (stock culture) can be obtained as U K′ 37 = 0.031T (°C) -0.370 (r 2 = 0.99, n = 10; Fig. 3 ). The calibration is quite different from the E. huxleyi (strain 55a) calibration that has been frequently used in paleoceanographic investigations (Prahl et al., 1988 ; U K′ 37 = 0.034T + 0.039) and from another strain of I. galbana, CCMP1323 (Versteegh et al., 2001 ; U K′ 37 = 0.00932T + 0.0413), as shown in Table 2 and Fig. 4 . However, the U K′ 37 -temperature calibration resembles (Fig. 4 ) that for C. lamellosa isolated from a continental lake (Lake Xiarinur, China) as reported by Sun et al. (2007) . Figure 4 summarizes U K′ 37 data, y intercepts or slopes in the calibrations for coastal and lacustrine species such as I. galbana and C. lamellosa, including our results, which tend to be much lower than those for E. huxleyi (EH) and G. oceanica (GO), although there are several lower y intercepts for EH and GO. From the data, it is suggested that the U K′ 37 -temperature calibrations from I. galbana and C. lamellosa resemble each other.
Alkenoate/alkenone ratio (EE/K 37 ) and alkenone chain length ratio (K 37 /K 38 )
Distinct characteristics of I. galbana UTEX LB 2307 are abundant C 37 alkenones and di-and triunsaturated C 38 ethyl alkenoates (C 36 FAEE) and a lack of C 38 methyl alkenones (Fig. 1) , which are generally synthesized by marine haptophytes including E. huxleyi and G. oceanica. Such a lack of C 38 methyl alkenones has been reported for other strains of I. galbana (Marlowe et al., 1984) and C. lamellosa (Rontani et al., 2004; Sun et al., 2007) . Toney et al. (2012) also reported that the C 38 methyl alkenones could not be detected in the enrichment of Hap-A phylotype, I. galbana type culture, although these compounds could be detected in that of Hap-B, C. lamellose Table 2 . Lines are linear fits for these datasets. type culture. Thus, a lack of C 38 methyl alkenones may be a general characteristic of coastal and lacustrine Isochrysis species in addition to our results.
The relative abundances of I. galbana C 36 FAEEs to C 37 alkenones (EE/K 37 ) in the present study ranged from 0.06 to 0.25 for 20°C and from 0.15 to 0.43 for 15°C (Table 1, Fig. 5) . These values are comparable with those for E. huxleyi and G. oceanica (e.g., Prahl et al., 1988; Sawada et al., 1996; Conte et al., 1998; Ono et al., 2009) . The EE/K 37 values of samples grown under 32‰ and 27‰ salinity decreased the first 96 h from 21°C to 20°C, while the values were nearly constant under 20‰ salinity (Fig.  5) . Under 15‰ salinity, the values increased during 195 h. On the other hand, the EE/K 37 values for samples grown under 35‰, 32‰, 27‰ and 20‰ salinity slightly increased over 0-192 h from 21°C to 15°C, while notably, the ratio for 15‰ salinity increased and reached after 192 h a value ca. twice as high as that at 0 h (Fig. 5) . These results indicate that the EE/K 37 ratio in I. galbana cells grown at low salinity varies as a result of the acclimatization of cells to the respective salinity conditions, or changes in alkenone synthesis as a result of physiological stress at low salinity even under sufficiently active growth of cells. Furthermore, the EE/K 37 ratio correlates with salinity from 15‰ to 27‰ and is constant from 27‰ to 32‰, although slightly higher at 32‰ (Table 1, Fig.  6 ). The relationship between EE/K 37 and salinity in I. galbana samples grown at 20°C is EE/K 37 = -0.011S (‰) + 0.408 (r 2 = 0.86, n = 4; Fig. 6 ). In Ono et al. (2009) , the EE/K 37 for E. huxleyi EH2 and G. oceanica GO1 increased with decreasing salinity, but their ranges of variations were much smaller than that in I. galbana of the present study (Fig. 6) . Sawada et al. (1996) suggested that EE/ K 37 ratio varied depending on taxonomic variation such as E. huxleyi vs. G. oceanica. However, Conte et al. (1998) demonstrated that the variability in alkenone/ alkenoate ratio reflected differences in genetic makeup and physiological status. The crucial factor(s) for variability in the alkenoate/alkenone ratio is (are) unknown. Although there have been no reports of such a relationship between EE/K 37 and salinity in field investigations, it can at least be suggested that the ratio is possibly affected by salinity, in particular low salinity, and production of ethyl alkenoates may increase under lower salinity condition.
The Fig. 5 ). These show that unsaturation ratio of alkenoate such as EE 36 is less affected by salinity variation.
The alkenone chain length ratio (K 37 /K 38 ) values were 3.2-10.6 for 20°C and 10.9-13.6 for 15°C (Table 1, Fig.  5 ), similar to those of I. galbana as summarized by Chu et al. (2005) , confirming that I. galbana is characterized by high K 37 /K 38 values. The K 37 /K 38 values were nearly constant at 20°C under 32‰, 27‰ and 20‰ salinity, while Fig. 5. Changes in K 37 /K 38 , EE/K 37 and EE 36 in I. galbana UTEX LB 2307 grown at 20°C under salinity 32‰, 27‰, 20‰ and 15‰ (a), and at 15°C under salinity 35‰, 32‰, 27‰, 20‰ and 15‰ (b) .
the values increased during 195 h under 15‰ salinity (Table 1, Fig. 5 ). At 15°C, the values increased during 195 h under all salinity conditions (Table 1, Fig. 5 ). We examined the potential of K 37 /K 38 as a proxy for paleosalinity, as suggested by Schulz et al. (2000) . In our study, variation in the K 37 /K 38 ratio was observed among samples grown under different salinity conditions but was not associated with salinity variation (Table 1) . Ono et al. (2009) observed that K 37 /K 38 for E. huxleyi EH2 and G. oceanica GO1 increased with decreasing salinity, although the range of variation was small (Fig. 6) . However, the K 37 /K 38 results in the present study do not support those of Ono et al. (2009) . There was no relationship between the K 37 /K 38 values and salinity in I. galbana grown at 15°C, although the values could vary depending on salinity at 20°C, in which the relationship between K 37 /K 38 and salinity is K 37 /K 38 = -0.42S (‰) + 16.3 (r 2 = 0.86, n = 4; Fig. 6 ). Shultz et al. (2000) reported that the K 37 /K 38 (C 37 /C 38 ) ratio varied depending on the salinity of surface water in the Baltic Sea, decreased exponentially below 9 PSU and was constant from 9 to 30 PSU. They inferred that such differences could be attributed to variations in species and/or strains of alkenone producers. In our experiments, the K 37 /K 38 ratios did not correlate with salinity in one single strain, so the variation is attributed to taxonomic factors rather than cellular and physiological factors, supporting implications by Schulz et al. (2000) . In addition, Pan and Sun (2011) clearly showed that the K 37 /K 38 ratios in E. huxleyi (strain CCMP371) tended to decrease during stationary phase and only respiration (auto-matabolism), and varied in different growth phases or physiological states. Thus, the K 37 /K 38 ratios Ono et al. (2009) are also shown. may be also affected by different growth phases and physiological states due to different salinity condition.
CONCLUSION
I. galbana UTEX LB 2307 was characterized by abundant C 37 alkenones and C 38 ethyl alkenoates (FAEEs), and a lack of C 38 methyl alkenones, in agreement with previous result from another strain of I. galbana (Marlowe et al., 1984) . Tetra-unsaturated alkenones could not be found under both low and normal salinity conditions. We confirmed that the alkenone unsaturation index (U K′ 37 ) in I. galbana did not vary with salinity variation at 15°C, while the U K′ 37 values changed depending on salinity change from 34‰ to 15‰ at 20°C. It is presumed that the response of alkenone unsaturation to salinity was greatly affected by temperature condition, where algal growth was and was not limited by temperature at 15°C and 20°C, respectively, as a result of the acclimatization of cells to different salinity conditions. The U K′ 37 -temperature calibration for I. galbana UTEX LB 2307 was quite different from those for E. huxleyi (55a) and another strain of I. galbana (CCMP1323), while it resembled that of C. lamellosa isolated from Chinese lake (Sun et al., 2007) . Based on these results, it is recommended that, in paleotemperature reconstruction, attention should be paid to changes in alkenone producing species resulting from salinity change rather than to variation in U K′ 37 values in a single strain affected by salinity. In addition, variation in alkenone chain length ratio (K 37 /K 38 ) did not correlate with salinity. The results imply that a high abundance of tetra-unsaturated alkenone and high K 37 /K 38 values might occur as a result of production by particular species and/ or strains that can synthesize such alkenones rather than physiological response to environmental change such as low salinity. On the other hand, we could observe that the alkenoate/alkenone ratio (EE/K 37 ) in I. galbana decreased with increasing salinity. The results suggest that the EE/K 37 values are affected by the cellular and physiological factors against salinity condition in single haptophycean cells.
